A comparative analysis of porosity values computed from sonic and neutron-density logs obtained from the same well is here presented. The aim is to identify the more reliable logging tool between sonic and neutron-density in the estimation of porosity values in a formation. Two wells from different parts of Niger Delta were logged for Transit times, bulk density and hydrogen index of the formation as a function of depth. The analysis of sonic, density and neutron porosity values shows a conventional trend of decrease in porosity with depth. Sonic porosity values of well A, and well B varies from 1 to 17%, and 27 to 60% respectively while Neutron-Density Porosity values of well A, and well B varies from 24 to 45%, and 21 to 37% respectively. The Coefficient of Variation for sonic porosity data are 56%, and 23%of well A, and well B respectively , similarly the Coefficient of Variation for Neutron-Density porosity data are 15%, and 14% of well A, and well B respectively. Coefficient of variation of Neutron-density log derived porosities is less than sonic log derived porosities; therefore Neutron-density log derived porosity is more reliable tool for porosity data estimation than sonic log derived porosity. Neutron and density logging tool is here recommended for determination of a reliable porosity value of a formation.
INTRODUCTION
Advances in the study of petrophysical parameters have led to enhanced formation evaluation capabilities, identification and quantification of hydrocarbon. Also the potential and performance of a reservoir rock depends on these parameters and certain characteristic properties. These properties include: Porosity (), Permeability (k), Water saturation (S W ), grain size, grain shape, degree of compaction, cementation and amount of matrix. The two essential attributes of any reservoir are porosity and permeability.
Porosity can be defined as the fractional/percentage of the total volume occupied by pores or void. It indicates how much fluid a rock can hold. Generally, reservoirs have porosity values within the range of 5% to 30%, however majority of the reservoirs have porosity values between 10% and 20% (Selley and Morrill, 1983) . Porosity can be measured from cores in the laboratory and also in a borehole using well logs.
A well log is a continuous recording of one or more geophysical parameters as a function of depth. The objective of well logging is to measure the physical properties of the undisturbed rocks and the fluid content. Petrophysical parameters computed from these logs are radioactivity, electron density, liquidfilled porosity containing hydrogen, sonic transit times and lithology.
Sonic log shows a formation's interval transit time designated as ∆t log (the time in microseconds for an acoustic wave to travel through one foot of a formation along a path parallel to the borehole). Specific acoustic time measurements have been related to porosity of the subsurface formations. The interval transit time for an acoustic wave to travel through the formation is dependent upon lithology and porosity. This enables porosity derivable using sonic log.
Density logging employs the physical principle of gamma ray scattering as a function of bulk density of an environment irradiated by a gamma ray source. It shows a continuous recording of the election density of the formation. Its deficiency arises from the fact, that it only measures the primary and secondary porosity.
Neutron logs respond primarily to the amount of hydrogen (hydrogen index) in the formation. Thus, in clean formations whose pores are filled with water or oil, the neutron log reflects the amount of liquid filled porosity.
MATERIALS AND METHODS
Data from two exploratory well logs A & B from multinational oil company operating within the Niger Delta was used for this research. These well logs specifically Sonic log, Density log and Neutron log were used to compute porosity values Determination of porosity values was achieved by digitizing the sonic and neutron-density logs. Travel times, bulk densities and liquid filled porosity (hydrogen Index of the formation) were digitized every 10 meters interval to the bottom of the wells A & B.
Sonic log-derived porosity: The sonic tool measures the time it takes sound pulses to travel through the formation (t log ). This time is referred to as the interval transit time, or slowness and it is the reciprocal of velocity of the sound wave. The interval transit time of a given formation is dependent on the Lithology elastic properties of the rock matrix, the property of the fluid in the rock, and porosity. Therefore a formation's matrix velocity must be known to derive sonic porosity either by chart or by using formula. The unit of t log is usually in µs/ft or µs/m (microseconds per foot or/per metre) and the logs are normally recorded on track 3, on a linear scale.
Integrated sonic logs can also be useful in interpreting seismic records, and can be very invaluable in the time to depth conversion of seismic data. Wyllie et al. proposed that the interval transit time (t) can be represented as the sum of the transit time in the matrix fraction (t ma ) and the transit time in the liquid fraction (t f ) thus
Re-arranging eq. 1becomes:
In Equation (2),  s = sonic-derived porosity; t = acoustic transit time digitized from the sonic log in µs/ft; t f = fluid transit time (189µs/ft); and t ma = transit time for the rock matrix (55.5µs/ft).
Density log-derived porosity:
The density log records a formation's bulk density. This is essentially the overall density of a rock including solid matrix and the fluid enclosed in the pores. The log is scaled linearly in bulk density (g/cm 3 ) and includes a correction curve that indicates the degree of compensation applied to the bulk density data. Density logging is based on the physical phenomenon of gamma ray scattering as a function of the bulk density of an environment irradiated by a gamma ray source. The density log can be used quantitatively, to calculate porosity and indirectly to determine hydrocarbon density. It is also useful in calculation of acoustic impedance. Qualitatively, it is useful as a Lithology indicator, as well as identification of certain minerals, assessment of source rock organic matter content and identification of overpressure and fracture porosity.
The formation bulk density is related to formation matrix density (ρ ma ) and formation fluid density (ρ f ) as:
Re-arranging eq. (3), we have:
In Eq. (4)  d = density-derived porosity; ρ ma = matrix density (2.648gcm ). The porosity data obtained from density logs are considered to be total porosity.
Neutron-density derived porosity:
The neutron porosity values and density porosity values were used to compute neutron-density porosity using the relation:
where,  N = Neutron porosity,  D = Density porosity,  ND = Neutron-Density porosity.
RESULTS AND DISCUSSION
Numerical data obtained from the two wells are given by Tables 1 & 2 showing the depth, interval travel times, sonic-derived porosities, bulk densities, and density-derived porosities. Transit time was shown to be decreasing with an increasing depth for the two wells but varies at some depth due to changes in lithology, vuggy pores and abnormal pressure zone; this is shown in Figs. 1 and 7. Similarly Figs. 2, 3, 4, 5, 8, 9 , 10 and 11 showed trends of decreasing porosity with an increase in depth; attributed to the compactness of formation. Though, these trends are not linear with scattered point; these observations phenomena are perhaps due to changes in lithological characteristics at different depth points. Also Figs. 6 and 12 shows the plot of sonic derived porosities against neutron-density derived porosities, from the plot it was observed that there is high degree of correlation between the sonic derived porosity and neutron-density porosity. Tables 3-6 show the results of the statistical analysis. Table 7 shows the computed range, mean porosity values, standard deviation and coefficient of variation for both wells A and B. Depth, Interval Transit time, sonic-derived porosity, bulk densities, density-derived porosity, neutron-derived porosity, and neutron-density derived porosity relationship for well A. 
CONCLUSION:
The objective of this project is to compare and determine the most reliable logging tool between sonic log and neutron-density log for the derivation of the porosity of a formation using statistical analysis. Therefore, from the result of this study, the following observations and conclusions are reached:
1. For sonic log of well A porosity values computed varies between 17% at depth 1870m and 4% at depth 2470m while neutron-density porosity values computed of the same well A varies between 36% and 27% at the same depth, and for sonic log of well B porosity values computed varies between 60% at depth 1510m and 30% at depth 1160m while neutron-density porosity values computed of the same well B varies between 38% and 25% at the same depth.
2. Transit time decreases with depth but varies at some depth due to changes in lithology, vuggy pores and abnormal pressure zone.
3. Bulk density increases with depth but varies at some depth due to changes in lithology and abnormal pressure zone.
4. Porosity of rocks generally/ decreases with depth for sonic and neutron-density logs in all wells.
5. Computation of Coefficient of variation for sonic and neutron-density derived porosity values shows that, for well A, and well B the coefficient of variation for sonic log derived porosities are 56%, and 23% respectively , while the coefficient of variation for neutron-density log derived porosities are 15%, and 14% for the same wells respectively.
6. Coefficient of variation of Neutron-density log derived porosities is less than sonic log derived porosities. Therefore Neutron-density log derived porosity is more reliable porosity data than sonic log derived porosity.
7. The minimum tool combination recommended for determination of a reliable porosity of a formation should be the neutron and density logging tool.
